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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings of claims in the application: 
Listing of Claims: 

1.-45. (canceled) 

46. (currently amended) A field effect transistor comprising: 

a semiconductor substrate having dopants of a first conductivity type; 

a trench extending a predetermined depth into the semiconductor substrate 1 
wherein a gate structure is formed inside the trench ; 

a doped well having dopants of a second conductivity type opposite to the first 
conductivity type and extending into the semiconductor substrate to form a well junction at a 
first depth; 

a doped source region having dopants of the first conductivity type and extending 
into the semiconductor substrate to form a source junction at a second depth; and 

a doped heavy body region having dopants of the second conductivity type and 
extending into the doped well to form a heavy body junction at a depth that is deeper than the 
source junction and shallower than the trench, 

wherein the heavy body region forms an abrupt junction in the doped well at the 
interface between the heavy body region having dopants of the second conductivity type and the 
doped well having dopants of the second conductivity type, such that, when voltage is applied to 
the transistor, a peak electric filed occurs near the area of the interface . 



Page 2 of 22 



Appl. No. 10/630,249 

Amdt. dated April 30, 2008 

Reply to Office Action of November 19, 2007 



PATENT 



47. (previously presented) The field effect transistor of claim 46 wherein a 
location of the abrupt junction relative to the well junction is adjusted so that, when voltage is 
applied to the transistor, a peak electric field is spaced away from the trench in the 
semiconductor. 

48. (previously presented) The field effect transistor of claim 46 wherein the 
doped well has a substantially flat bottom. 

49. (previously presented) The field effect transistor of claim 46 wherein the 
trench has rounded top corners. 

50. (previously presented) The field effect transistor of claim 46 wherein the 
trench has rounded bottom corners. 

5 1 . (previously presented) The field effect transistor of claim 46 wherein the 
trench has rounded top and bottom corners. 

52. (previously presented) The field effect transistor of claim 46 wherein the 
heavy body comprises a heavily doped region formed by implanting dopants of the second 
conductivity type at an approximate location of the abrupt junction. 

53. (previously presented) The field effect transistor of claim 46 wherein the 
trench is lined with a dielectric material and substantially filled with conductive material, 
wherein the conductive material substantially filling the trench is recessed relative to the surface 
of the substrate. 

54. (previously presented) The field effect transistor of claim 46 wherein the 
substrate comprises a first highly doped region and a second doped region disposed above said 
first highly doped region, the second doped region having a lower dopin g concentration relative 
to the first highly doped region. 
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55. (previously presented) The field effect transistor of claim 54 further 
comprising a termination structure surrounding the transistor. 

56. (previously presented) The field effect transistor of claim 55 wherein the 
termination structure comprises a doped region having dopants of the second conductivity type 
extending into the second doped region of the substrate to form a PN junction between the 
termination doped region and the second doped region of the substrate. 

57. (previously presented) The field effect transistor of claim 55 wherein the 
termination structure comprises a trench. 

58. (previously presented) The field effect transistor of claim 55 wherein the 
termination structure comprises a plurality of concentric trenches surrounding the transistor. 

59. (previously presented) The field effect transistor of claim 57 wherein the 
termination trench extends to substantially the same depth as the transistor trench. 

60. (previously presented) The field effect transistor of claim 54 wherein the 
second doped region of the substrate has an initial thickness of less than 10/mi. 

61. (previously presented) The field effect transistor of claim 54 wherein the 
doped well extends into the second doped region of the substrate such that the resulting thickness 
of the second doped region of the substrate is less than 3jum. 

62. (previously presented) The field effect transistor of claim 54 wherein the 
doped well extends into the second doped region of the substrate such that the resulting thickness 
of the second doped region of the substrate is approximately 1/mi. 

63. (previously presented) The field effect transistor of claim 46 wherein the 
depth of the doped well ranges from approximately ljimi to 3/mi. 
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64. (previously presented) The field effect transistor of claim 46 wherein the 
depth of the doped heavy body ranges from approximately 0.4/rni to 1.5/xm. 

65. (previously presented) The field effect transistor of claim 46 wherein a 
distance between a bottom of the doped heavy body to the doped well junction ranges from 
approximately 0.5/rni to 1.5/rni. 

66. (previously presented) The field effect transistor of claim 46 wherein a 
distance between a bottom of the doped heavy body to the doped well junction is less than 
approximately 0.5/mi. 

67. (currently amended) A field effect transistor comprising: 

a semiconductor substrate having dopants of a first conductivity type; 

a plurality of gate- forming trenches arranged substantially parallel to each other, 
each trench extending to a first depth into said substrate, the space between adjacent trenches 
defining a contact area; 

a doped well having dopants of a second conductivity type opposite to the first 
conductivity type and extending into the semiconductor substrate to form a well junction with the 
substrate; 

a doped source region having dopants of the first conductivity type forming a 
source junction inside the doped well; 

a heavy body having dopants of the second conductivity type and extending into 
the doped well to a second depth that is deeper than the source junction; and 

heavy body contact regions defined at the surface of the semiconductor substrate 
along the length of the contact area, 
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wherein the heavy body forms an abrupt junction within the doped well at the 
interface between the heavy body region having dopants of the second conductivity type and the 
doped well having dopants of the second conductivity type, such that, when voltage is applied to 
the transistor, a peak electric filed occurs near the area of the interface . 

68. (previously presented) The field effect transistor of claim 67, wherein said 
doped well has a substantially flat bottom. 

69. (previously presented) The field effect transistor of claim 67 wherein a 
location of the abrupt junction relative to the well junction at the second depth is adjusted so that, 
when voltage is applied to the transistor, a peak electric field is spaced away from the plurality of 
gate-forming trenches. 

70. (previously presented) The field effect transistor of claim 67 wherein said 
doped well has a depth less than the first depth of the gate-forming trenches. 

71 . (previously presented) The field effect transistor of claim 67 wherein each 
said gate-forming trench has rounded top corners. 

72. (previously presented) The field effect transistor of claim 67 wherein each 
said gate-forming trench has rounded bottom corners. 

73. (previously presented) The field effect transistor of claim 67 wherein each 
said gate-forming trench has rounded top and bottom corners. 

74. (previously presented) The field effect transistor of claim 67 further 
comprising a deep doped region having dopants of the second conductivity type, the deep doped 
region extending into the substrate to a depth greater than the first depth of the plurality of gate- 
forming trenches. 



Page 6 of 22 



Appl. No. 10/630,249 

Amdt. dated April 30, 2008 

Reply to Office Action of November 19, 2007 



PATENT 



75. (previously presented) The field effect transistor of claim 74 wherein the 
deep doped region forms a PN junction diode with the substrate. 

76. (previously presented) The field effect transistor of claim 74 wherein the 
deep doped region forms a field termination structure surrounding the periphery of the plurality 
of gate-forming trenches. 

77. (previously presented) The field effect transistor of claim 76 further 

comprising: 

a layer of dielectric material formed over the deep doped region; and 

a layer of conductive material formed on top of the layer of dielectric material. 

78. (previously presented) The field effect transistor of claim 67 further 
comprising a field termination structure comprising a trench substantially surrounding the 
plurality of gate-forming trenches. 

79. (previously presented) The field effect transistor of claim 78 wherein said 
field termination structure comprises a plurality of concentrically arranged trenches. 

80. (previously presented) The field effect transistor of claim 67 wherein the 
heavy body forms a continuous doped region along substantially the entire length of said contact 



81. (previously presented) The field effect transistor of claim 67 wherein said 
doped source region extends along the length of the trench. 

82. (previously presented) The field effect transistor of claim 81 further 
comprising a source contact region defined at the surface of the semiconductor substrate and 
configured to contact the doped source region. 
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83. (previously presented) The field effect transistor of claim 81 further 
comprising a plurality of source contact regions disposed along the length of the contact area in 
an alternating fashion with the plurality of heavy body contact regions. 

84. (previously presented) The field effect transistor of claim 67 wherein 
between a pair of adjacent trenches a plurality of doped source regions are positioned on 
opposite sides of each trench, and wherein the heavy body is bounded by the pair of adjacent 
trenches and the doped source regions. 

85. (previously presented) The field effect transistor of claim 67 wherein 
between a pair of adjacent trenches, the heavy body extends continuously parallel to the 
longitudinal axis of the trenches. 

86. (previously presented) The field effect transistor of claim 67 further 

comprising: 

a layer of dielectric material lining inside walls of each of said plurality of gate- 
forming trenches; and 

a layer of conductive material substantially filling the gate-forming trenches. 

87. (previously presented) The field effect transistor of claim 86 wherein the 
layer of conductive material comprises polysilicon. 

88. (previously presented) The field effect transistor of claim 86 wherein the top 
surface of the layer of conductive material substantially filling the gate-forming trenches is 
recessed relative to the top surface of the semiconductor substrate. 

89. (previously presented) The field effect transistor of claim 67 wherein the 
substrate comprises a first highly doped region and a second doped region disposed above said 
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first highly doped region, the second doped region having a lower doping concentration relative 
to the first highly doped region. 

90. (previously presented) The field effect transistor of claim 89 wherein the 
second doped region of the substrate has an initial thickness of less than 10/mi. 

91. (previously presented) The field effect transistor of claim 89 wherein the 
doped well extends into the second doped region of the substrate such that the resulting thickness 
of the second doped region of the substrate is less than 3 /mi. 

92. (previously presented) The field effect transistor of claim 89 wherein the 
doped well extends into the second doped region of the substrate such that the resulting thickness 
of the second doped region of the substrate is approximately 1/rni. 

93. (previously presented) The field effect transistor of claim 67 wherein the 
depth of the doped well ranges from approximately ljirni to 3jum. 

94. (previously presented) The field effect transistor of claim 67 wherein the 
depth of the doped heavy body ranges from approximately 0.4/im to 1 .5[im. 

95. (previously presented) The field effect transistor of claim 67 wherein a 
distance between a bottom of the doped heavy body to the doped well junction ranges from 
approximately 0.5/xm to 1.5/rni. 

96. (previously presented) The field effect transistor of claim 67 wherein a 
distance between a bottom of the doped heavy body to the doped well junction is less than 
approximately 0.5/xm. 

97. (currently amended) A field effect transistor comprising: 
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a semiconductor substrate having dopants of a first conductivity type; 

a trench extending a predetermined depth into the semiconductor substrate,, 
wherein a gate structure is formed inside the trench ; 

a doped well having dopants of a second conductivity type opposite to the first 
conductivity type and extending into the semiconductor substrate to form a well junction at a 
first depth; 

a doped source region having dopants of the first conductivity type and extending 
into the semiconductor substrate to form a source junction at a second depth; and 

a doped heavy body region having dopants of the second conductivity type and 
extending into the doped well to form a heavy body junction at a depth that is deeper than the 
source junction and shallower than the trench- well junction , the doped heavy body region having 
a region of high dopant concentration near the junction with the doped well and a region of 
relatively low dopant concentration near the surface of the substrate , the depth of the doped 
heavy body region relative to the depth of the doped well is selected so that a peak electric field, 
when voltage is applied to the transistor, is spaced away from the trench . 

98. (previously presented) The field effect transistor of claim 97 wherein a 
location of th e h e avy body junction r e lativ e to the w e ll junction at th e second depth is adjust e d 
so that, when voltag e is appli e d to the transistor, a p e ak e lectric field is spaced away from the 
trench in the semiconductor an abrupt junction is formed at the interface between the doped 
heavy body region and the doped well such that, when voltage is applied to the transistor, a peak 
electric field occurs near the area of the interface . 

99. (previously presented) The field effect transistor of claim 97 wherein the 
doped well has a substantially flat bottom. 



Page 10 of 22 



Appl. No. 10/630,249 

Amdt. dated April 30, 2008 

Reply to Office Action of November 19, 2007 



PATENT 



100. (previously presented) The field effect transistor of claim 97 wherein the 
trench has rounded top corners. 

101 . (previously presented) The field effect transistor of claim 97 wherein the 
trench has rounded bottom corners. 

102. (previously presented) The field effect transistor of claim 97 wherein the 
trench has rounded top and bottom corners. 

103. (previously presented) The field effect transistor of claim 97 wherein the 
region of high dopant concentration in said doped heavy body region is formed by implanting 
dopants of the second conductivity type at an approximate location of the junction with the 
doped well. 

104. (previously presented) The field effect transistor of claim 97 wherein the 
trench is lined with a dielectric material and substantially filled with conductive material, 
wherein the conductive material substantially filling the trench is recessed relative to the surface 
of the substrate. 

105. (previously presented) The field effect transistor of claim 97 wherein the 
substrate comprises a first highly doped region and a second doped region disposed above said 
first highly doped region, the second doped region having a lower doping concentration relative 
to the first highly doped region. 

106. (previously presented) The field effect transistor of claim 105 further 
comprising a termination structure surrounding the transistor. 

107. (previously presented) The field effect transistor of claim 106 wherein the 
termination structure comprises a doped region having dopants of the second conductivity type 
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extending into the second doped region of the substrate to form a PN junction between the 
termination doped region and the second doped region of the substrate. 

108. (previously presented) The field effect transistor of claim 106 wherein the 
termination structure comprises a trench. 

109. (previously presented) The field effect transistor of claim 106 wherein the 
termination structure comprises a plurality of concentric trenches surrounding the transistor. 

110. (previously presented) The field effect transistor of claim 108 wherein the 
termination trench extends to substantially the same depth as the transistor trench. 

111. (previously presented) The field effect transistor of claim 1 05 wherein the 
second doped region of the substrate has an initial thickness of less than 10/im. 

112. (previously presented) The field effect transistor of claim 105 wherein the 
doped well extends into the second doped region of the substrate such that the resulting thickness 
of the second doped region of the substrate is less than 3jnm. 

113. (previously presented) The field effect transistor of claim 105 wherein the 
doped well extends into the second doped region of the substrate such that the resulting thickness 
of the second doped region of the substrate is approximately 1/xm. 

1 14. (previously presented) The field effect transistor of claim 97 wherein the 
depth of the doped well ranges from approximately 1 to 3fim. 

115. (previously presented) The field effect transistor of claim 97 wherein the 
depth of the doped heavy body ranges from approximately 0.4/rni to 1.5/rni. 
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116. (previously presented) The field effect transistor of claim 97 wherein a 
distance between a bottom of the doped heavy body to the doped well junction ranges from 
approximately 0.5 /xm to 1.5/xm. 

117. (previously presented) The field effect transistor of claim 97 wherein a 
distance between a bottom of the doped heavy body to the doped well junction is less than 
approximately 0.5/rni. 

118. (previously presented) The field effect transistor of claim 97 further 
comprising a deep doped region having dopants of the second conductivity type, the deep doped 
region extending into the substrate to a depth below the trench. 

119. (previously presented) The field effect transistor of claim 118 wherein said 
deep doped region forms a PN junction diode with the substrate. 

120. (previously presented) The field effect transistor of claim 119 wherein the 
deep doped region forms a termination structure. 
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